Ranking as the most communicable disease killer worldwide, tuberculosis, has accounted with a total of 9.6 million new tuberculosis cases with 1.5 million tuberculosis-related deaths reported globally in 2014. Tuberculosis has remain as an occupational hazard for healthcare workers since 1920s and due to several tuberculosis outbreaks in healthcare settings in the early 1990s, the concern about the transmission to both patients and healthcare workers has been raised. Healthcare workers have two to three folds greater the risk of active tuberculosis than the general population. Several studies on knowledge, attitude and practices on tuberculosis among healthcare workers worldwide have revealed that majority of the participated healthcare workers had good knowledge on tuberculosis. Most of the healthcare workers from South India and South Africa also reported to have positive attitude whereas a study in Thailand reported that most of the healthcare providers have negative attitude towards tuberculosis patients. Nevertheless, majority of the healthcare workers have low level of practice on tuberculosis prevention. An improved communication between healthcare workers and the patients as well as their families is the key to better therapeutic outcomes with good knowledge, attitude and preventive practice towards tuberculosis.
This article focuses on the epidemiology of TB, knowledge, attitudes and practices for prevention of TB among healthcare workers, as well as preliminary local data among family members of TB patients regarding TB prevention.
Epidemiology of TB among Healthcare Workers
An occupational hazard for healthcare workers, especially nurses and physicians, cases of TB have been reported since the twenties (7) . The threat of TB, however, receives little attention as an occupational hazard (8) . In the early nineties, concern about TB transmission to both patients and healthcare workers was elevated due to several TB outbreaks in healthcare settings (8) . World Health Organization reported that healthcare workers who care for infectious TB patients are at risk of infection based on recent studies of the risk of nosocomial transmission in developing countries (9) .
Healthcare workers' risk of active TB disease is estimated to be two-to three-fold greater than the general population (10) . Certain work locations such as inpatient TB facilities, laboratories and internal medicine and emergency facilities, as well as individuals who fit into various occupational categories such as radiology technicians, patient attendants, nurses, ward attendants, paramedics and clinical officers are all associated with a higher risk of active TB disease (11) . Moreover, Costa et al. (12) added that healthcare workers are in the higher Introduction Tuberculosis (TB) is globally ranked as the most infectious disease (1) . The World Health Organization (WHO) reported that there were 9 million cases of TB in 2013 and 1.5 million TBrelated deaths (2) . In 2014, according to recent fact sheets by WHO, there were a total of 9.6 million new TB cases with 1.5 million deaths from the disease worldwide (1). The estimated TB incidence rates for year 2014, according to WHO, appear in Figure 1 (3) . The Millennium Development Goal (MDG), which was to reverse the spread of TB by 2015, has successfully been met: an average 1.5% of TB incidence has fallen per year since 2000, and, recently, incidence is 18% lower than it was in 2000 (1) .
The recent Stop TB Strategy as the global plan for the next 5-year investment, 2016-2020, is the End TB strategy. It focuses on ending TB and moving forward from the limited measures that have thus far only involved controlling the disease (4). In 2001, the Global Plan to Stop TB was founded. The Global Plan was a roadmap for a five-year period aimed at combating TB (5) . WHO depicted the global trends in estimated rates of TB incidence for 1990-2014, as well as prevalence and mortality rates for 1990-2015 ( Figure 2 ) (5). Tuberculosis, by definition, is caused by a bacterium called Mycobacterium tuberculosis (MTB), which commonly affects and presents in the lungs, resulting in pulmonary TB, but also manifests in other parts of the body such as the kidneys, spine and brain (through the lymphatics and blood vessels). When these other areas are affected, the disease is known as extrapulmonary TB (6) . According to a definition provided by the Ministry of Health Malaysia (MOH), healthcare workers are a group of people who work in healthcare facilities. The group includes nurses, physicians, nursing and medical students, dental workers, laboratory workers and others (18) . Sabah, one of the two states in East Malaysia, has about two times higher the incidence of TB among healthcare workers than the general population, where the average incidence is 280.4 per 100,000 population over the past five years (14) . Moreover, Sabah, in 2012, among all states in Malaysia, contributed the highest number of TB cases among healthcare workers, with 4,426 cases (19.5%) out of 22,710 cases, followed by other states-Selangor, Sarawak and Johor, respectively (14, 19, 20) .
As of 2014, a report by the local media on 25 healthcare workers working in 11 general hospitals in Malaysia who were infected with TB raised concerns about the safety of healthcare settings in Malaysia (21 As an intermediate TB-burden country, the incidence of LTBI among healthcare workers in Malaysia per year was comparatively low, with 9.9/100 workers (22). Additionally, the risk group of TB infection due to inadequate ventilation of working spaces and procedures involving contaminated aerosols, which favour transmission from an active disease, in the hospital setting.
Healthcare workers' exposure to TB will increase as the number of patients seeking TB treatment at health facilities increases, concomitant with the re-emergence of TB cases due to a high influx of immigrants from high TBburden countries, increasing number of HIV/ AIDs cases, transmission within overcrowded settings and emergence of multi-drug resistant TB (13) . Improper implementation of infection control measures has resulted in the occurrence of nosocomial TB transmission. A healthcare worker who is sitting in proximity to an individual infected with TB has about four times greater the risk of TB infection (14) . The risk of TB infection, however, varies widely based on different occupational groups and working conditions (15) .
The occurrence of TB cases among healthcare workers for those who came from countries with low, intermediate and high TB incidence accounted for about 67 cases/100,000 persons, 91/100,000 persons and 1,180/100,000 persons, respectively, with an average of 34 (IQR 18-108) with 12,689 (IQR 2,979-57,279) persons-year being infected (16) . From another perspective, nosocomial exposure was attributed to the risk of TB disease among healthcare workers with a range of 25 to 5,361 per 100,000 yearly, as reported in a systematic review of healthcare workers in low-and middle-income countries (11) . Indeed, exposure to the risks in healthcare settings correlated with the incidence of TB cases among healthcare workers (16) .
As for the prevalence of latent tuberculosis infection (LTBI) among healthcare workers (HCWs), on average, the annual risk of incidence among healthcare workers is 54% (range 33%-79%) with a range of 69 to 5,780 per 100,000 (11) . As in another study, the occurrence of LTBI among healthcare workers accounted for an average of 23 with 731 persons infected annually (16) . However, the reported cases of active TB disease were less well-documented among HCWs, although the estimation of LTBI globally is more than 50% among them (10) . Additionally, a recent study in Santiago among healthcare workers disclosed that the LTBI prevalence is 15.4%, and, among the healthcare workers, physicians have the highest prevalence (21.8%), followed by nurses (19.6%) (17) .
answered that the six months' duration of anti-TB treatment course is necessary, especially to patients of PTB (25).
In another study of TB among healthcare workers in Vellore District, Tamil Nadu, South India (26), 86% of them were knowledgeable about TB disease. In terms of transmission and symptoms of TB, 95% of them correctly said that TB is transmitted via airborne route through coughing and sneezing, while 92% said shaking hands with a TB patient will not spread the TB germs. Also, good nutritional intake is believed by 75% of the healthcare workers to be helpful in preventing TB disease; 21% of them conservatively believe in the power of prayer (34) . In Thailand, 56% of healthcare providers were found to possess a 'good' level of knowledge of TB, while 43.87% had a 'fair' level of knowledge. 71.23% of the providers with good knowledge were well-informed about the nature of the disease (27) .
Furthermore, assessment among health staff at basic health care facilities in rural Vietnam revealed that 90% of them were aware of the nature of TB disease: they knew it is caused by a bacterium; persistent cough was chosen as the most frequent symptom (98%) and 97% said it is curable (28) . In TB treatment procedures, only 81 (32%) out of 253 of the staff could perform 'directly observed treatment' (DOT) properly in TB patients. In terms of practice efficiency in managing TB patients, 90% of them responded with the accurate way to diagnose the suspected TB cases. The study also disclosed that an increased level of knowledge among the health staff is correlated with participation in TB training and higher medical education (28) .
A study in the Berea District of Lesotho, South Africa on occupational exposure to TB reported that the majority of healthcare workers (86.1%) have a 'fair' score for knowledge (29) . The majority of them (90.7%) knew that TB is an airborne infectious disease and it is curable (97.7%). TB as a symptom of chronic cough (94.7%) was answered by most of the healthcare workers, followed by night sweats (84.5%), weight loss (79.1%), and fever (53.5%). In TB investigation, 96.9% of them agreed that the best diagnostic test is by sputum smear, and 99.2% said that treatment should be completed within the duration of six-months. The healthcare workers were also concerned about the BCG vaccination: 58.6% said that it is not preventive towards TB disease (29) . prevalence of LTBI among healthcare workers at selected hospitals in Klang Valley, Selangor, as reported through a study by Rafiza et al. (13) , was comprehensively 10.6%. The LTBI prevalence among healthcare workers was interrelated with factors of duration of employment (11 years or more), ages 35 and above, a history of contacts with active TB patients, history working as a nurse and being male (13) . Furthermore, employment periods and improper use of respiratory protection during high-risk procedures were the main risk factors for TB among healthcare workers after controlling other factors such as age, gender and history of contact with active TB patients outside the workplace (14) . In worldwide studies, generally, the notification rate of TB incidence among healthcare workers was reported higher than in the general population (10, 11, 14, 16) .
The dynamic system of life itself consists of three pillars: knowledge, attitude and practice (23) . Survey on knowledge, attitude and practice acts as a representative study of a particular population through collecting information on what is known (knowledge), believed (attitude) and done in action (practice) connected to a specific topic (24). Therefore, conducting studies on the knowledge, attitude and practice of a population are crucial for any successful TB control programmes to identify the incident, transmission, treatment and control of TB disease through community involvement (25).
Knowledge of TB among Healthcare Workers
By definition, information that is acquired or gained is considered to be knowledge (23) . From another perspective, knowledge is defined as what people know about certain subjects (24). Hashim et al. (25), in a study of knowledge, attitudes and practices, surveyed healthcare workers and TB patients in Iraq. Their responses revealed that 492 (98.4%) out of 500 healthcare workers had a 'good' score for knowledge of TB. TB transmission mode through respiratory tract was correctly answered by 98.2% of the healthcare workers, while 90% said it is treatable, and only 12.6% of them were oblivious that it is caused by a bacterium (25). The respondents also accurately answered that risk factors of TB are continuous close contact with an active TB patient (83.6%) followed by overcrowding (80.8%), humidity (68.4%) and under-nutrition (67.8%), whilst 87% of them of healthcare workers towards TB in Vellore District, Tamil Nadu, South India revealed that 80% of the healthcare workers felt sympathy towards TB patients and desired to help, whilst 8% of them were concerned but chose to stay away.
Lertkanokkun et al. (27) , in a study of healthcare providers in Thailand, outlined that almost 60% of the providers had negative attitudes towards TB patients. However, 56.13% of them had positive attitudes, especially in terms of providing TB services (66.98%) and the use of TB-control systems (60%). Previous studies showed that negative attitudes of providers towards the actual treatment success resulted in a high treatment dropout rate (27) . Research has proven that better therapeutic outcomes result from improved communication between TB patients and their families and healthcare workers (32) .
In a study done in the Berea District of Lesotho, South Africa, almost all healthcare workers (93%) were found to have positive attitudes towards TB infection control (29) . The majority of them (97.7%) agreed to complete TB treatment in case of being diagnosed and to improve their eating habits to avoid malnutrition as an approach to TB prevention. Furthermore, 96.1% of them willingly agreed to teach patients and their co-workers about TB prevention, 95.4% are always ready to be screened for TB if needed and 94.6% willingly agreed to attend training related to TB prevention (29) . Globally, special attention was given to the clinical aspect in most of the TB-control efforts, rather than the human aspect, although people's perceptions of TB and patients' non-adherence to anti-TB treatment were the most important factors in the emergence of acquired resistance (33) .
Meanwhile from local preliminary data, it was found that 40% of five family members of TB patients have positive attitudes towards TB prevention. All of the family members felt empathy towards TB patients (100%) and willing to help and interact with the patients (100%) although 60% of them still felt doubt and fear about the potential of transmission of TB infection when interacting with TB patients. They also agreed that, as a family member, it is necessary to have good communication with TB patients (100%). Nevertheless, only 80% of them used appropriate terminologies when talking to the TB patients.
A preliminary study of knowledge, attitudes and practices towards TB prevention was done in 2013 from two selected hospitals. Five family members were interviewed based on a questionnaire of knowledge, attitudes and practices (KAP) of TB cases among nurses (30) . It was found that only 20% of them had good knowledge. TB infection is commonly associated with lungs was correctly answered by 80% of the family members, while 80% said it is treatable and curable. However, 60% of them were still unaware that TB is caused by a bacterium called Mycobacterium tuberculosis. All of them believed that smoking (100%) is the main risk factor for TB, apart from alcohol and drug use (40%), other chronic diseases (20%), overcrowding and malnutrition (20%) and poverty (20%). As for treatment of TB, the completion of a six-month course of anti-TB drug was correctly chosen by 80% of the family members.
All of the family members thought that TB can spread from an infected individual commonly through coughing (100%), sneezing (80%), talking (60%) and spitting (60%). They also agreed that a handshake (80%) with the infected TB individual will not spread the germs. Common symptoms that related to TB, according to the family members, were fatigue (80%), loss of appetite (80%), coughing producing blood or sputum (60%), weight loss (60%), chest pain (60%), shortness of breath (60%) and fever (40%). The majority of them (80%) agreed that sputum examination and chest x-rays are the common diagnostic tests for TB. As for TB prevention, 80% of them said that people should avoid going near patients who have an active TB lesion, and 60% believed in simply following a balanced diet.
Attitude of TB among Healthcare Workers
Attitude, by meaning, reflects on how people feel about certain subjects or issues (24). It also describes a way of thinking about a situation (23) . In other views, attitude refers to the tendency to react in a distinctive way to certain situations, to see and interpret events pertaining to certain tendencies or to assemble opinions into an interrelated structure (31) . Wu (26) , in a study on knowledge and attitudes to questions about dealing with TB patients with symptoms of coughing and weight loss. Although during treatment course the reported practice was lower, among staff members who had attended a TB training course, it was higher (28) . Additionally, Nicol et al. (35) revealed that TB training for healthcare workers could reduce the likelihood of TB infection and that there was a correlation between training attendance and low TST positivity test incidence. Training is considered to be one of the related factors that influences healthcare workers regardless of cultural and ethnic background, practice settings, preferred sources of information and learning styles (36).
Local preliminary data for five family members of TB patients revealed that 40% of them received good scores for practice in TB preventive measures. 40% of the family members have read about TB disease before, and only 20% regularly stay up to date with new insights about TB prevention measures. In terms of personal TB prevention control, 60% of them regularly practice hand-washing, and 40% have always worn respiratory protection and provided it to the TB patient with a cough, as well as guided the patient as to the proper way of disposing of sputum. Lastly, 40% of the family members have also guided the patient regarding cough etiquette and worn gloves when needed.
Conclusion
In accordance with several studies on TB knowledge, attitudes and practices worldwide, it can be concluded that healthcare workers have better knowledge, attitude and practice as compared with family members of TB patients. The nature of the healthcare setting itself could be the reason behind the higher rate of knowledge about TB disease among healthcare workers. This denotes that the healthcare worker's role, especially with regards to their knowledge, attitudes and practices in the healthcare setting, is vital to ensuring public welfare.
TB Practice among Healthcare Workers
World Health Organization defines practice as how people behave (24). It means the reflection and application of rules and knowledge that lead to actions (23, 31) . Yu et al. (34) , in a study to assess knowledge of attitudes towards and practices associated with pulmonary TB among physicians in St. Luke's Medical Center, Philippines, found that, as TB infection prevention, 39% of doctors opened their windows, whilst 24.4% tried to keep a safe distance, and 12.2% wore masks. Although there was a concern about TB infection, 19.5% out of 38 physicians did not take any necessary preventative approaches while examining TB patients (34) . They expressed that, for TB treatment and its compliance, improved communication with the patients is essential, in addition to always keeping up to date with information on TB by reading periodicals, attending academic meetings and searching the Internet (34).
Bhebhe et al. (29) , in their evaluation of occupational exposure to TB among healthcare workers in the Berea District of Lesotho, South Africa, revealed that half of them (52.7%) received a 'fair' score for practice, while only 10.9% received a 'good' practice score on TB prevention. In terms of administrative control measures, the majority of health care workers (93.8%) said that the screening of TB patients for HIV was done on a regular basis, while only 26.4% educated patients on TB infection control. Environment control measures mostly consisted of isolation of patients and ward separation (78.3%) and improving air ventilation and sunlight by opening windows (69%) (29) . The healthcare workers also practiced hand hygiene (76%) and the use of a respirator mask (71.3%) for personal protection measures, but only half of them (54.4%) made use of the appropriate respirator, N-95.
In another related study, 90% of the health staff at basic health care facilities in Bavi District in rural Vietnam accurately responded on the correct ways to diagnose suspected TB cases (28) . Regarding patients' management measure during TB treatment course, the practice was reported low (22.1%). However, the majority of the staff (89.7%) responded appropriately
